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Abstract
Herein, kinetic modelling and kinetic parameters were used to study methanol dehydration to dimethyl ether reaction and 
revealed that the best model to fit the experimental data was the Bercic model. The dehydration reaction undergoes dissocia-
tive adsorption Langmuir–Hinshelwood mechanism of methanol on the alumina catalyst surface, with the calculated value 
of the activation energy was 136.7 kJ mol−1. Moreover, the effect of different kinetic parameters such as the catalyst weight 
and methanol concentration or water in the feed on the catalytic performance of η-Al2O3 was examined in a fixed bed reactor 
under the reaction conditions where the temperature ranged from 180 to 350 °C with a WHSV = 12.1 h−1.
Graphical Abstract
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1 Introduction
Energy consumption throughout the world has been con-
tinuously increased especially for industrialized cities. The 
carbon-based non-renewable sources, mainly crude oil, are 
unsustainable because of the production of the significant 
amount of greenhouse gases in which is the main cause 
of the global warming. To meet the energy demand and 
decrease the air pollution an alternative renewable energy 
should be developed. The production of clean biofuel such 
as dimethyl ether (DME) is an attractive alternative for 
pollution mitigation. DME is an environmentally friendly 
fuel with clean-burning and smoke-free emissions [1]. The 
attractive combustion properties are due to it containing nei-
ther sulphur nor nitrogen, with very low  SOx or  NOx emis-
sions. The lack of direct carbon-to-carbon bonds means it 
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does not generate particulate matter emissions. DME can be 
produced by two main routes; either from syngas using a bi-
functional catalyst (Eq. 1) or via the dehydration of methanol 
over solid catalysts such as  Al2O3 (Eq. 2), according to the 
following reactions [1–6]:
The synthesis of efficient and commercially attractive, 
robust catalysts has become increasingly challenging due 
to the both increased demand for DME production and the 
catalytic process required for methanol to DME process 
(MTD). Alumina is a cost-efficient material that can be tai-
lored to unique textural properties including high surface 
area and high porosity. Moreover, alumina can be used as a 
catalyst support in different oxidation reactions [7, 8]. There-
fore, optimizing  Al2O3 as a catalyst or a support for such 
processes remains a topic of great importance [9]. Exten-
sive studies were performed on γ-Al2O3 for MTD reaction. 
In our previous publication [10]; we showed that γ-Al2O3 
and η-Al2O3 catalysts can be prepared from different precur-
sors of aluminium chloride and nitrates, respectively. The 
produced catalysts showed different surface morphology 
and acidity with η-Al2O3 showed similar surface character-
istics of the commercial zeolite [HZSM-5(80)]. Moreover, 
η-Al2O3 showed higher catalytic activity during the MTD 
process than that of the commercial zeolite at reaction 
temperatures above 275 °C. Thus, η-Al2O3 is considered 
as a promising catalyst for the commercial production of 
DME from methanol. Accordingly, kinetic investigation 
of η-Al2O3 catalyst for the MTD process is needed. To the 
extent of the authors’ knowledge, there has been no detailed 
kinetic study of η-Al2O3 in MTD reaction along with study-
ing the surface hydrophilicity and acidity, therefore, this area 
requires further examination.
The dehydration reaction occurs over a solid acid catalyst 
where its acidity plays a big role in the product distribution. 
Over very strong acidic sites, further dehydration will take 
place producing olefins. In order to suppress the dehydration 
to olefins reaction and increase the selectivity towards the 
DME, weak or moderate acidity catalysts are desirable as 
in the  Al2O3. Methanol dehydration is known to take place 
on Lewis acid-pair sites and its rate increases as the sur-
face Lewis acidity increases [11]. It was well reported that 
γ-Al2O3, a typical Lewis acid catalyst and also the η-Al2O3 
used in the study, can catalyse dehydration of MTD [10]. 
Several reaction mechanisms have been presented for metha-
nol dehydration on acid catalysts [11, 12]. Either Brønsted 
acid sites or Lewis acid–base pair sites are believed to play 
a role in such reaction and, generally, the stronger the acid 
sites the more active the catalysts, however, it should be 
remembered that as far as Brønsted sites are concerned, their 
(1)3CO + 3H2 ↔ CH3OCH3 + CO2
(2)2CH3OH↔ CH3OCH3 + H2O
strength and the reaction temperature should be controlled to 
avoid hydrocarbons formations [10]. The mechanism based 
on the Lewis acidity, on the other hand, requires adjacent 
acid–base pair sites to provide the reaction between the 
adsorbed alcohol molecule on an acidic site and an adsorbed 
alkoxide anion on a basic site [11].
The above discussion highlights the importance of stud-
ying the reaction kinetics of methanol dehydration over 
η-Al2O3 catalyst along with studying the different kinetic 
parameters. Herein, we studied the effect of different operat-
ing conditions such as the effect of catalyst weight, % metha-
nol concentration and % water in the reaction feed along the 
fitted kinetic modelling and correlate the results with the 
surface hydrophilicity and morphology of η-Al2O3 during 
the MTD reaction.
2  Experimental
2.1  Materials and Methods
The chemicals used in the present study were all of ana-
lytical grade and supplied by Aldrich, UK. The chemicals 
included aluminium nitrate nonahydrate [Al(NO3)3⋅9H2O] 
and ammonia solution (35%). The He and air gases were 
purchased from BOC with purity 99.99%.
2.2  Catalyst Preparation
The preparation of alumina has been described elsewhere 
[10]. It was prepared from aluminium nitrate nonahydrate 
that was then precipitated by ammonia solution giving a 
precipitate which dried at 120 °C and designated as AN120, 
followed by calcination at 550 °C and designated as η-Al2O3.
2.3  Catalyst Characterisation
Powder X-ray diffraction (XRD) was carried out using a 
PANalytical X’Pert Pro X-ray diffractometer. This diffrac-
tometer was equipped with a Cu  Kα X-ray source with a 
wavelength of 1.5405 Å. The diffractograms were collected 
up to 2θ = 80°. The X-ray tube was set at 40 kV and 40 mA. 
Peaks were selected and compared to diffraction patterns in 
the software library.
Brunauer–Emmett–Teller (BET) analysis was performed 
using a Micromeritics ASAP 2020 system. BET surface area 
and pore volume were measured by  N2 adsorption and des-
orption isotherms at liquid nitrogen temperature (− 196 °C).
TPD-pyridine was used to determine the total surface acid-
ity of the catalyst using the adsorption of pyridine as a probe 
molecule. Small portions (50 mg) of each sample were pre-
heated to 250 °C for 2 h in the air before exposure to the probe 
molecule (pyridine) in a sealed desiccator for 2 weeks. The 
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pyridine-covered samples were subjected to thermogravimet-
ric or differential scanning calorimetry (DSC) analyses on 
heating up to 600 °C at a heating rate of 10°C min−1 in dry  N2 
(flow rate = 40 ml min− ). The weight loss due to desorption 
of pyridine from the acidic sites was determined as a function 
of total surface acidity as sites g−1
cat
 [10].
Scanning electron microscopy (SEM) was carried out on 
a FEI Quanta 250 FEG MKII with a high-resolution envi-
ronmental microscope (ESEM) using XT Microscope Con-
trol software and linked to an EDX detector. The EDX used 
was a 10 mm2 SDD Detector-x-act from Oxford Instruments 
which utilizes Aztec® EDS analysis software. Both systems 
used the same chamber.
The static contact angle (CA) of the catalyst pellets with 
water was measured in order to determine the hydrophilic-
ity of the alumina using a CA meter equipped with a CCD 
camera (FTA1000 Drop Shape Instrument-B Frame system).
2.4  Catalyst Activity
Catalyst activity tests were conducted in an isothermal 
fixed-bed reactor made of stainless steel (6 mm OD). The 
catalyst bed consisted of 50–200 mg (250–425 µm) of a cata-
lyst placed between two plugs of quartz wool. Aera mass 
flow controllers were used to control the flow of gases to 
the reactor. The liquid methanol and/or water were injected 
via a Cheminert® M Series liquid handling pump. A stable 
flow of methanol vapour to the reactor was established by 
passing the combined flow of He and methanol through a 
saturator system, with the evaporation chamber maintained 
at 150 °C. To prevent condensation, all lines were heated to 
~ 150 °C. This mixture was then fed to the fixed bed reactor. 
The reaction conditions used were different % MeOH in the 
kinetic experiments under atmospheric pressure over a tem-
perature range from 180 to 350 °C. The total flow rate was 
100 cm3 min−1. Before the reaction, the catalyst was acti-
vated in a stream of pure He at 325 °C for 0.5 h under atmos-
pheric pressure stream at a total flow rate of 50 cm3 min−1. 
Then, the methanol and He mixture were fed to the reactor 
and samples analysed by on-line gas chromatography (Per-
kin-Elmer 500) equipped with a thermal conductivity detec-
tor and a flame ionisation detector. A Hayesep DB column 
was used for the separation of CO,  CO2, DME, MeOH,  CH4, 
 C2H4,  C2H6, ethanol, propanol, and butanol. Each data point 
was repeated five times to determine the reproducibility of 
the data for the products.
As shown in Eq. 3, the methanol conversion (XMeOH) was 
calculated on the basis of the molar flow rate of methanol 
in the feed (FMeOH,in) and in the outlet stream (FMeOH,out):
(3)XMeOH =
FMeOH,in − FMeOH,out
FMeOH,in
.
DME formation rate (rDME) was determined using Eq. 4, 
which represents the actual moles of the product, DME, 
that are present in the reactor outlet stream per gram of 
the catalyst:
The selectivity for DME (SDME) was determined using 
Eq. 5 as the ratio (expressed in mol%) between the content 
of carbon in the product DME and the sum of carbon con-
tent corresponding to all observed organic products which 
are present in the reactor outlet stream:
Here, FDME, FCO2 and FCO are the molar flow rates of 
DME,  CO2 and CO, respectively in the outlet stream, nCi 
is the number of carbon atoms for each of the hydrocar-
bons (byproducts) and Fi is the molar flow rate of these 
hydrocarbons [13].
3  Results and Discussion
3.1  Catalyst Characterisation
Figure 1 shows the XRD diffractograms of Al(NO3)3⋅9H2O 
(precursor), AN120 (as-dried precipitate) and η-Al2O3. The 
precipitation of aluminium nitrate nonahydrate produced 
AN120 which showed a mixture of diffractograms of Bay-
erite (JCPDS 20-11) and Gibbsite (JCPDS 33-18) as shown 
in diffractograms (b). Interestingly, among all Al(OH)3 
structures, Bayerite has the highest symmetry and thermo-
dynamically is the most stable phase and characterised by its 
crystalline phase [14, 15]. η-Al2O3 diffraction lines (JCDD 
04-0875) are shown in diffractograms (c) as a result of the 
thermal decomposition of Bayerite and Gibbsite at 550 °C.
The pyridine-DSC analysis was used to investigate 
the surface acidity of the η-Al2O3 catalyst as shown in 
Fig. 2a which showed mainly two endothermic peaks. The 
first broad endothermic peak at 80 °C is attributed to the 
removal of physisorbed water and pyridine along with 
pyridine desorption from the weak Lewis acidic sites. The 
small sharp endothermic peak at 235 °C is characterised to 
the removal of pyridine from moderate Lewis acidic sites 
[16]. Alumina catalyst, in general, is characterised by its 
weak acidic sites. From a previous work, η-Al2O3 catalyst 
showed mainly Lewis acidic sites, thus the DSC results 
confirmed the presence of weak and medium Lewis acidic 
sites over the surface of η-Al2O3 catalyst [10].
(4)rDME =
FDME,actual
wt. of the catalyst
× 100%.
(5)SDME =
2FDME
FCO2 + FCO + 2FDME +
∑
i nCiFi
× 100%.
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Fig. 1  XRD patterns of a alu-
minium nitrate nonahydrate, the 
precursor used in the catalyst 
preparation, b as-dried precipi-
tated at 120 °C (AN120) and c 
η-Al2O3 calcined at 550 °C
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Fig. 2  a DSC curve of 
pyridine–η-Al2O3 desorption 
under  N2 atmosphere with a 
flow of 40 ml min−1 and heating 
rate of 10 °C min−1 and b the 
contact water angle of η-Al2O3
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The surface hydrophilicity was determined according to 
the water CA as seen in Fig. 2b. The wettability of the cata-
lyst surface, demonstrated by CA (θ) of a droplet of water, 
is assumed by Young’s equation (Eq. 6)
where 훾SV , 훾SL and 훾LV stand for the interfacial surface ten-
sion of solid (S), liquid (L) and gas vapour (V). This equa-
tion is derived from the thermodynamic equilibrium of the 
free energy at the S–L–V interphase. The surface wettability 
is measured according to the CA and may be divided into 
four different categories; super-hydrophilic (θ < 10°), hydro-
philic (10 < θ < 90°), hydrophobic (90 < θ < 150°) and super-
hydrophobic (θ > 150°). It is well known that pure alumina 
in general and η-Al2O3 specifically is super-hydrophilic with 
CA approximately θ = 1.7° as seen in Fig. 2b.
The surface morphology of η-Al2O3 was investigated 
using SEM technique which showed a smaller particle size 
distribution as shown in Fig. 3. XRD analysis calculation 
using Scherrer equation showed a crystallite size of 5.5 nm 
as shown in Table S1. The nitrogen adsorption–desorption 
isotherms of η-Al2O3 catalyst showed type IV isotherm of 
mesoporous structures as shown in Fig. S1 with a surface 
area of 223 m2 g−1.
3.2  Kinetic Study of Pure Alumina
3.2.1  Effect of Different Kinetic Parameters
3.2.1.1 Effect of  Catalyst Weight The % methanol conver-
sion was significantly increased with increasing the catalyst 
weight as seen in Fig. 4. In general, by increasing the cata-
lyst weight from 50 to 200 mg at reaction temperature of 
(6)cos휃 =
훾SV − 훾SL
훾LV
,
250 °C, the % methanol conversion increased four times. It 
is apparent that with low catalyst weight in the reactor, i.e., 
50 mg, it was insufficient catalyst to facilitate the dehydra-
tion reaction below 200 °C with  T50% of 275 °C. However, 
by increasing the catalyst weight to 200 mg, an increase in 
methanol conversion was observed as there are more active 
acidic sites species present to facilitate the MTD reaction 
with  T50% of 222 °C.
3.2.1.2 Effect of Methanol Concentration Figure 5 clearly 
shows that, in general, the % methanol conversion is 
inversely proportional to the % concentration of methanol 
Fig. 3  SEM images of η-Al2O3 catalysts at different levels of magnifications using the ETD detector
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Fig. 4  Effect of catalyst weight on methanol dehydration to DME 
over η-Al2O3 catalysts (T = 180–300 °C, catalyst weight = 50–200 mg, 
He flow rate = 80 ml min− 1, WHSV 12.1 h−1) along with the theoreti-
cal equilibrium data (X EQ)
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in the reaction feed. The inhibition effect is minor at reac-
tion temperature above 300 °C. In contrast, the inhibition 
effect of methanol concentrations at reaction temperature 
below 275 °C is obvious; for instance, at reaction temper-
ature of 250 °C, the % conversion decreased by 20% upon 
increasing the % methanol concentration from 20 to 75% 
in the reaction feed. This inhibition effect is due to the 
crowded alcohol molecules, over the surface active sites, 
which retard the dehydration of  CH3OH to produce DME. 
This is, consequently, reflected on the values of % conver-
sion, where its values gradually reduced with increasing 
the alcohol concentration in the reaction feed.
3.2.1.3 Effect of  Water in  the  Feed Figure  6 shows the 
inhibition effect of water on the MTD process. During the 
methanol dehydration reaction, water is produced which 
also has a significant effect on catalyst deactivation [17–20] 
as η-Al2O3 is super-hydrophilic [21], and facilitates strong 
water adsorption. Both water and methanol compete for 
adsorbing on the active sites of η-Al2O3 with water being 
adsorbed more strongly [17]. Osman et al. [5] showed that 
is possible to increase the hydrophobicity of the support 
thereby reducing the deactivation by water. The catalytic 
activity dramatically decreased by five times upon adding 
of 5% water in the reaction feed at a reaction temperature of 
250 °C and then slightly decreased by adding further water 
in the reaction feed (15%). The water inhibition effect is 
insignificant at a reaction temperature above 300 °C as the 
water adsorption on the active alumina site is not that strong.
Development of new and cheap catalysts for MTD pro-
cess on a large scale is of great interest. Usually, methanol 
is converted over solid catalyst either as simply dehydra-
tion, yielding DME and water, or as deep dehydration, pro-
ducing hydrocarbons [22]. At the reaction conditions used 
[240–300 °C]; hydrocarbons products were hardly detected 
as a side reaction product [10]. The kinetics of methanol 
dehydration on acidic catalysts has been studied extensively 
resulting in different kinetics equations. A list of kinetic 
models for MTD is given in Table 1 [23].
It is evident that some of the rate equations for dehydra-
tion where the reaction rate are proportional to the square 
root of the methanol concentration. This indicates that the 
MTD reaction undergoes dissociative adsorption of metha-
nol on the catalyst surface [27].
It is stated in Froment and Bischoff [30] that the reac-
tion rate for surface catalysed reactions with a mechanism 
is based on chemisorption and a single rate-determining 
step, which can be written as a combination of three groups. 
These are a kinetic group, a driving-force group, and an 
adsorption group. The rate is thus expressed as
where kineticf actor = k , the Arrhenius equation is used to 
describe the variation of the rate constant with temperature
driving force group = Φ
(
P, y0
j
, XCO, KP
)
KP is the equilibrium constant for MTD reaction (Eq. 2):
(7)
−rMeOH =
(kinetic factor)(driving force group)
(adsorption group)n
=
KΦ(P,Y0
j
,XCOKP)
Φ(P, Y0
j
,XCOKJ,a)
,
(8)k = k0 exp(−Ea∕RT),
(9)
logKP =
4019
T
+ 3.707 logT − 2.783 × 10−3T
+ 3.8 × 10−7T2 − 6.56 × 104T3 − 26.64,
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Fig. 5  Effect of methanol concentration in the reaction feed of metha-
nol dehydration to DME reaction over η-Al2O3 catalysts, (T = 200–
350 °C, catalyst weight = 200 mg, He flow rate = 80 ml min−1, WHSV 
12.1 h−1)
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Fig. 6  Effect of water in the reaction feed of methanol dehydration 
to DME reaction over η-Al2O3 catalysts (T = 225–350  °C, catalyst 
weight = 200 mg, He flow rate = 80 ml min−1, WHSV 12.1 h−1)
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(adsorption group)n = Φ
(
P, y0
j
, XCO, Kj,a
)n
, where Kj,a 
is the adsorption equilibrium constants defined by the 
van’t Hoff equation
The kinetic data were obtained in an integral reactor 
where the methanol conversions greater than 10% are pro-
duced. For an integral plug-flow reactor, the reaction rate 
is calculated as:
The integration of the rate equation over the reactor 
bed leads to:
Here, the methanol conversion for Eq.  12 was per-
formed by applying numerical integration using fourth 
order Runge–Kutta method, the MATLAB subroutine 
function ODE15s.
The parameter estimation was based on minimization of 
the objective function using the sum of residual squares:
(10)Kj,a = Aj exp
(
−ΔH0
j,a
∕RT
)
.
(11)−rMeOH =
dXMeOH
d(E∕F0
MeOH
)
.
(12)
W
F0
MeOH
= f (XMeOH, k,Kj…).
where n is the total number of experiments, X is the experi-
mental methanol conversion, and X̂ is the calculated metha-
nol conversion.
3.2.2  Validation of the Kinetic Model
To determine the validity of the model, we applied F test 
(Eq. 14) and  R2 a coefficient of determination (Eq. 15). It is 
stated that if R2 > 0.9 and F > 10 ×F0.05, we can say that the 
model is reliable.
where n is number of the experiments, p a is number of 
parameters in the equation of model, and 1 − 훼 is the con-
fidence level. If the calculated F value is higher than the 
tabulated ones, the regression is statistically meaningful. 
(13)
n∑
i=1
(
XMeOH − X̂MeOH
)2
,
(14)Fc =
∑n
i=1
X̂2
MeOH
p
∑n
i=1
(XMeOH−X̂MeOH )
2
n−p
? ≷ F(p, n − p;1 − 𝛼),
Table 1  Reaction kinetic 
equation for various acidic 
catalysts used for MTD reaction
a k: kinetic factor
r(M or D) is the reaction rate for the species where M or D is methanol or dimethyl ether, respectively 
P(M,W or D) is the partial pressure for the species where M,W or D is methanol, water or dimethyl ether, 
respectively 
K(M,W or D) is the adsorption equilibrium constant where M,W or D is methanol, water or dimethyl ether, 
respectively 
No. Reaction kinetic  equationa Catalyst used References
1
−rM =
k1P
1∕2
M
P
1∕2
M
+k2Pw
Al2O3 Kallo and Knozinger [24]
2
−rM =
kKMP
1∕2
M
1+ KMP
1∕2
M
+KwPw
Al2O3 Figueras et al. [25]
3
−rM =
kK2
M
[
P2
M
−
(
PWPD
Keq
)]
[
1+2(KMPM )
1∕2+KWPW
]4
Acidic ion exchange 
resin
Klusacek and Schneider [26]
4
rDME =
kK2
M
[
P2
M
−
(
PWPD
Keq
)]
[
1+2(KMPW )
1
2 +KWPW
]4
γ-Al2O3 Bercic and Levec [27]
5
rDME =
kKMP
1∕2
M
1+KMP
1∕2
M
KWPW
γ-Al2O3 Bercic and Levec [27]
6
−rM =
k
[
P2
M
PW
−
(
PD
Keq
)]
(1+KMPM+KWPW )
2
HZSM-5 Lu et al. [28]
7
−rM =
kPM
[
1−
(
PDPW
KeqP
2
M
)]
1+KMPM+PW∕KW
γ-Al2O3 Mollavali et al. [29]
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The highest calculated F value corresponds to the model 
that best fits the experimental data.
Statics results and values of activation energy and heat 
of adsorption of methanol and water for the fitted proposed 
models are tabulated in Table 2. It is clear that from the sta-
tistics values that the best model to fit the experimental data 
is Bercic model that the dehydration reaction undergoes 
dissociative adsorption Langmuir–Hinshelwood mecha-
nism of methanol on the catalyst surface. The calculated 
value of the activation energy is 136.7 kJ mol−1 which is 
in agreement with the one estimated by Bercic and Levec 
[27] (143.7 kJ mol−1). For the heat of adsorption of meth-
anol and water are 68.7 and 44.3 kJ mol−1, respectively, 
which are comparable with the values by Bercic and Levec 
[27] 70.5 and 41.1, respectively. Lu et al. [28] developed a 
detailed intrinsic mechanism containing seven elementary 
reactions, where Mollavali et al. [29] used Lu’s mechanism 
with different limiting step to derive kinetic global reaction 
equation.
The above values of heat of adsorption of water and 
methanol confirm that the inhibition effect of water is greater 
than that of methanol. For instance, at a reaction tempera-
ture of 250 °C, when water introduced in the reaction feed 
to the value of 5%, the % methanol conversion dramati-
cally decreased by 63% from the initial conversion of the 
dry feed as seen in Fig. 6. On the other hand, by doubling 
the methanol concentration in the reaction feed from 20 to 
40%, the methanol conversion slightly decreased by 5.4% 
as seen in Fig. 5. Moreover, the inhibition effect for both 
water and methanol decreased with increasing the reaction 
temperature, for instance in the case of water when the reac-
tion temperature increased from 250 to 350 °C for 5% water 
in the feed, the % methanol conversion increased from 16 
to 72%, respectively. In other words, at a reaction tempera-
ture of 350 °C, the % conversion of methanol for 5% water 
in the feed decreased by only 15% from the initial conver-
sion of the dry feed. This can be explained by Eq. 10, as the 
reaction temperature increased, the desorption equilibrium 
value of water increased which means that water will be 
easily desorbed from the surface of the alumina catalyst at 
high reaction temperature, thus the inhibition effect of either 
(15)R2 = 1 −
∑n
i=1
(XMeOH − X̂MeOH)
2
∑n
i=1
XMeOH
2
.
water or methanol will be of minor significance at high reac-
tion temperature. The fitted kinetic modelling results are in 
agreement with the surface morphology of η-Al2O3 which 
explained the strong water inhabitation effect that comes 
from the super-hydrophilicity nature of η-Al2O3 with CA 
approximately θ = 1.7° as seen in Fig. 2b which is in agree-
ment with the kinetic model shown in Table 2. Moreover, 
during the reaction mechanism, water is produced which has 
a significant effect on the alumina catalyst deactivation, as 
water and methanol compete for adsorbing on the active sites 
of alumina catalyst with water being adsorbed more strongly 
[31]. It is worth noting that in our previous publication we 
showed that the prepared η-Al2O3 has similar morphology 
and surface acidity of zeolite [HZSM-5(80)] which is in line 
with the fitted kinetic modelling as our work matched with 
Lu model who studied the kinetic modelling of zeolite as 
shown in Table 2 [10].
The simulation and experimental results are given in 
the parity plot of Fig. 7, which compares the experimental 
conversions of methanol with those predicted by solving 
Bercic model and revealed that from the statistics values 
Table 2  Statics results and 
values of activation energy and 
heat of adsorption of methanol 
and water for the proposed 
model
Refs. n n−p F 10 × F0.05 R2 Ea HMeOH HH2O
Bercic and Levec [27] 36 30 1075 24.2 0.9954 136.7 68.7 44.3
Mollavali et al. [29] 36 30 416.3 24.2 0.9873 135.8 47.8 65.1
Lu et al. [28] 36 30 518 24.2 0.9903 137.2 63.9 59.3
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that the best model to fit the experimental data was Bercic 
model.
4  Conclusions
Kinetic modeling studies were used to investigate the reac-
tion mechanism of methanol dehydration over the pure 
η-Al2O3 catalyst and revealed that from the statistics val-
ues that the best model to fit the experimental data was 
Bercic model which was in agreement with literature that 
the dehydration reaction undergoes dissociative adsorp-
tion Langmuir–Hinshelwood mechanism of methanol on 
the catalyst surface. The calculated value of the activation 
energy is 136.7 kJ mol− 1, where, the heat of adsorption of 
methanol and water are 68.7 and 44.3 kJ mol− 1, respectively. 
The % methanol conversion was significantly increased with 
increasing the catalyst weight, while it was dramatically 
decreased with increasing either the % methanol or water in 
the reaction feed at the low reaction temperature (< 250 °C).
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